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levels, and to compare the segmentation accuracy with CT-
based autosegmentation. 
 
Material and Methods: 14 patients with locally advanced 
head and neck cancer in a prospective imaging study 
underwent a T1-weighted MRI and a PET-CT (with dedicated 
contrast-enhanced CT) in an immobilisation mask. Organs at 
risk (orbits, parotids, brainstem and spinal cord) and the left 
level II lymph node region were manually delineated on the 
CT and MRI separately. A ‘leave one out’ approach was used 
to automatically segment structures onto the remaining 
images separately for CT and MRI. Contour comparison was 
performed using multiple positional metrics: Dice index, 
mean distance to conformity (MDC), sensitivity index (Se Idx) 
and inclusion index (In Idx).  
 
Results: Figure 1 illustrates example manual and 
autocontours generated on the CT and MRI scans. Automatic 
segmentation using MRI of orbits, parotids, brainstem and 
lymph node level was acceptable with a DICE coefficient of 
0.73-0.91, MDC 2.0-5.1mm Se Idx. 0.64-0.93, In Idx 0.76-
0.93. Segmentation of the spinal cord was poor (Dice 
coefficient 0.37). The process of automatic segmentation was 
significantly better on MRI compared to CT for orbits, parotid 
glands, brainstem and left lymph node level II by multiple 
positional metrics; spinal cord segmentation based on MRI 
was inferior compared with CT. 
 
 
Fig. 1 Example manual (red) and auto contours (blue) for the 
spinal cord as well as left and right parotids for patient 2. 
Top images are CT showing large dental artefacts and poor 
auto contours and bottom images are MRI showing more 
accurate auto contours. 
 
Conclusion: Accurate atlas-based automatic segmentation of 
OAR and lymph node levels is feasible using T1-MRI; 
segmentation of the spinal cord was found to be poor. 
Comparison with CT-based automatic segmentation suggests 
that the process is equally or more accurate using MRI. These 
results support further translation of MRI-based segmentation 
methodology into clinical practice. 
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Purpose or Objective: With the advent of MR guided 
radiotherapy, internal organ motion can be imaged 
simultaneously during treatment. The real time MRI is 
particularly advantageous for abdominal organs that typically 
show poor CT contrast. To use the images for motion 
adaptive radiotherapy, the MR images need to be segmented 
but manual segmentation of the data is not practical due to 
data volume and speed requirement. In this study, we 
evaluate the feasibility of pancreas MRI segmentation using 
state-of-the-art segmentation methods. 
 
Material and Methods: T2 weighted half-Fourier acquisition 
single-shot turbo spin-echo (HASTE), contrast free and 
contrasted T1 weighted 3D Fast Low Angle SHot (FLASH) 
Volumetric Interpolated Breath-hold Examination (VIBE) 
images were acquired on three patients and two healthy 
volunteers for a total of 12 imaging volumes. Four automated 
segmentation methods, including mean-shift merging (MSM), 
distance regularized level set (DRLS), graph cuts (GC) and 
dictionary learning (DL) methods were used to segment the 
pancreas. The segmentation results were compared to 
manual contours using Dice’s index (DI), Hausdorff distance 
and mean absolute surface distance (MASD). 
 
Results: All VIBE images were successfully segmented by at 
least one of the auto-segmentation method with DI >0.83 and 
MASD ≤2.4 mm using the best automated segmentation 
method. All automated segmentation methods failed in 
segmenting two HASTE images, showing >1 cm MASD. 
Hausdorff distance exceeding 1 cm is observed on most 
segmentation results, indicating mismatch in fine 
segmentation details. The use of contrast minimally improved 
the segmentation accuracy. DL is statistically superior to the 
other methods in Dice’s overlapping index (p<0.05). For the 
Hausdorff distance and MASD measurement, DRLS and DL 
performed slightly superior to the GC method, and 
substantially better than MSM. DL required least human 
supervision and was faster to compute.  
Figure shows 3D rendering of the pancreas contour based on 
(a) a HASTE image and (b) a VIBE image. The manual ground 
truth is shown in red, automated segmentation in green. 
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Conclusion: Automated segmentation of the pancreas with 
accuracy useful for organ motion tracking is achieved based 
on T1 weighted VIBE images. Automated pancreas 
segmentation based on T2 weighted HASTE images is not as 
robust. Considering the segmentation accuracy, levels of 
human supervision and computational speed, dictionary 
learning is the preferred segmentation method for real time 
MRI pancreas segmentation.  
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Purpose or Objective: Systematically determine the 
accuracy and limitations of the deformable image 
registration (DIR) algorithm in SmartAdapt® and present a 
workflow which minimises the errors and uncertainties in a 
deformation process. 
 
Material and Methods: Deformable image registrations were 
performed on 4-dimensional computed tomography (4DCT) 
scans of a dynamic thorax phantom (CIRS, 008A) and patients 
with lung tumours that did a 4DCT scan within their regular 
preparation procedure before receiving external beam 
radiation therapy. To evaluate the performance of the DIR 
algorithm, the tumour in the phantom and the organs of 
interest for each patient (tumour, lungs, heart and spinal 
cord) were manually delineated in each breathing phase of 
the 4DCT, and the Centre of Mass Shift (CMS) and Dice 
Similarity Coefficients (DSC) between the deformed and 
manually delineated target volumes were calculated. Target 
shifts between 0 - 53 mm and absolute volumes between 0.5 
- 1600 cm3 were evaluated. The phantom scans were 
repeated twice with image thicknesses of 1 and 3 mm to 
determine the impact on the deformation accuracy. All 
deformations were performed using SmartAdapt® v11.0. 
 
Results: Target motion and volume changes are generally 
reproduced with CMS agreement of <2 mm and DSC >0.90. 
However large failures in deformed target volumes may occur 
when the target position is adjacent to voxels with the same 
intensity as the voxels within the target, if the volume of 
interest is set too small or if the target shift is large relative 
to its absolute volume. In these cases the DSC may decrease 
to zero meaning there is no overlap in any point between the 
deformed and the true target volumes. In general, the 
deformation accuracy decreases as the complexity and the 
image thickness increases. The deformed volumes may vary 
in shape and position between individual deformations even 
though all parameters in the deformations process are kept 
constant. Visual verification of the deformed volume before 
approval is therefore crucial to keep the accuracy as high as 
possible. 
 
Conclusion: In general, SmartAdapt® offers a useful tool for 
DIR with CMS agreement of <2 mm and DSC >0.90 between 
the deformed and the manually delineated target volumes. 
More complex deformations containing large relative changes 
in target volume and position are less accurate with DSC 
decreasing to zero. Every deformation process should be 
repeated until visual inspection of the deformed volume is 
satisfactory in order to keep the accuracy as high as possible. 
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Purpose or Objective: To develope a method to generate 
synthetic datasets to perform quality assurance of 
multimodality registration algorithms. 
 
Material and Methods: Relevant geometries, resembling 
phantoms and human body, are generated using in-house 
software and PENGEOM (PENELOPE) routines to represent 
clinically relevant situations. Every region of interest is 
characterized using user defined parameters: material 
density, uptake index parameter, T1, T2 and proton density 
parameters. Using these parameters and geometry it is 
possible to generate three datasets: synthetic-CT dataset, a 
synthetic-PET dataset, and a synthetic-MRI dataset. For 
synthetic CT Hounfield units are assigned using material 
density and a standard calibration curve; for synthetic PET 
SUV values are assigned using uptake index parameter for 
every ROI and then applying a gaussian blur filter to mimic 
PET resolution; synthetic MRI signal values are assigned using 
T1, T2, proton density and repetition and echo times using 
parametrization formulas that calculate signal values for T1, 
T2 or proton weighted sequences. Known rotations, shifts, 
and deformations can be applyed to every dataset. The 
different datasets could be imported in treatment planning 
systems as usual and then apply the registration and fusion 
algorithms, that would have to recalculate the previously 
applied rotations and shifts. 
 
Results: In the image we show an example of a mathematical 
phantom with a cortical bone ring, soft tissue with three 
spheres and two parallelepiped regions. Some regions are 
visible only in PET or MRI datasets. In lower part of image it 
is shown an example of PET image shift and rotation and the 
corresponding CT-PET image registration. 
 
 
 
Conclusion: Use of synthetic datasets allows for 
comprehensive quality assurance of registration algorithms of 
several systems used in radiation therapy. 
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Purpose or Objective: Adaptive radiotherapy for head and 
neck cancer patients aims to correct for geometrical changes 
due to tumour shrinkage, mucosal swelling and weight loss. 
These changes are monitored by weekly acquired repeat CT 
scans (rCTs) on which the actual treatment plan is evaluated. 
